This paper presents a selection of vibration measurement results and analyses performed with regard to their harmfulness to residential buildings. The first part of the paper refers to the analysis of railway vibrations measured in situ at the foundation level of residential building. These vibration records were then used to assess the harmfulness of vibrations relating to each train speed. Assessment of the vibration harmfulness of the building was performed with an indicator of the perceptibility of vibration through a structure (WODB), according to the Polish standard. The second part of the study refers to the creation of dynamic models of buildings with the use of the 'Diana' software program and analysis of their responses to railway vibrations. The thresholds specified by the standard in any of the train speeds of up to 250 km/h were not exceeded. Nevertheless, propagation of vibrations induced by train passages and their effect on the structural response of buildings is a complex phenomenon. Without in situ measurements, it is hard to assess the impact of induced vibrations on buildings. As proven in the paper, a train moving on a track at various speeds does not uniformly make the vibration greater in each frequency band.
Introduction and background
It is well known that vibrations from railways do not have a positive impact on the surrounding area including infrastructure objects. This is a worldwide problem and has been considered in many papers (inter alia [1, 2] ). Therefore, before the authorisation for the use of the new Pendolino trains (EMU 250), approval and velocity tests were conducted in Poland. Part of the work has been published in articles [3] [4] [5] . The paper presents a selection of vibration measurement results and analyses performed with regard to their harmfulness to residential buildings. The trains were operating at predetermined speedsvarying between 40 and 250 km/h. The measuring polygon and the arrangement of the sensors are presented in Fig. 1 . 
In situ measurement and analysis
Assessment of the harmfulness of vibration on the construction was performed according to Polish standard [6] using the indicator of the perceptibility of vibration through the construction (WODB). The indicator directly displays how many times the lowest limit consideration of dynamic influence on a structure has been exceeded. Values of WODB below 1 indicate that the vibrations do not adversely affect the building. The obtained WODB values were divided into two groups. For passages with speeds of up to 230 km/h, the highest values were selected for each frequency band. The whole analysis was compared with the values obtained from the passage of the train at a speed of 250 km/h. The results are presents in Fig. 2 .
The vibration limits specified by the standard for any of the train passage speeds of up to 250 km/h were not exceeded. However, increasing the speed leads to an increase in the destructive impact of the vibration on the examined structure. However, this does not happen uniformly in every one-third octave frequency band. For some frequencies (e.g. 12.5 and 16 Hz), increasing the speed reduces vibrations. In addition, attention should be paid to frequency bands that are particularly sensitive to vibrations in these frequency bands. 
FEA simulations
A computational 2D FEA model was also created in this study. The model was prepared as a plane strain, using the 'Diana' FEA software. A general view of this model is presented in Fig. 3 . Stiff boundary conditions were adopted at the bottom edge of the model; this is due to rock lying at a small depth. On the vertical edges, the area with absorbent abilities was modelled with PMLs (perfectly matched layers). A PM is an artificial absorbent layer for elastic waves used to truncate computational regions in FEM in order to simulate problems with open boundaries [7] . In Diana, the implementation of PML is entirely based on the work of Basu and Chopra [8, 9] . The structure of the track was modelled to a high level of detail. The building on the ground at distance of 50 m from the track was also modelled (see Fig. 4 ). Two different approaches were taken with regard to modelling the load. In the first approach, the loads were used to model the influence of the train, while in second approach, real in situ measured accelerations were used. 
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Conclusions
This study deals with the negative impact of the passage of trains on building structures. Based on the analysis of the in situ measurements and FEA simulations, we can draw the following conclusions:
• According to worldwide literature, train vibration is a growing engineering challenge, which requires more and more new means of analysis.
• The perceptibility of vibration through a structure (WODB), which refers to the scales of dynamic influences (SDI scales), formed the basis for the analysis in this paper. At the analysed speeds of up to 250 km/h, the thresholds specified by standard [16] were not exceeded.
• Propagation of vibrations from trains and their effect on nearby buildings is a complex issue. Creating a suitable FEA model for highly complex terrain conditions is a difficult task. Therefore, in situ measurements should form the basis for the construction of any FEA model.
• The creation of an appropriate vibro-isolation track design is one of the goals. The dominant frequency bands and their comparison at different speeds should be taken into account in this type of investment.
• The aim is to create increasingly improving models that present real physical phenomena. Therefore, the next papers will be targeted to the investigation of these relationships.
